The paper evaluates the relationship between the selection of the probability density function and the construction price, and the price of the building's life cycle, in relation to the deterministic cost estimate in terms of the minimum, mean, and maximum. The deterministic cost estimates were made based on the minimum, mean, and maximum prices: labor rates, indirect costs, profit, and the cost of equipment and materials. The net construction prices received were given different probability density distributions based on the minimum, mean, and maximum values. Twelve kinds of probability distributions were used: triangular, normal, lognormal, beta pert, gamma, beta, exponential, Laplace, Cauchy, Gumbel, Rayleigh, and uniform. The results of calculations with the event probability from 5 to 95% were subjected to the statistical comparative analysis. The dependencies between the results of calculations were determined, for which different probability density distributions of price factors were assumed. A certain price level was assigned to specific distributions in 6 groups based on the t-test. It was shown that each of the distributions analyzed is suitable for use, however, it has consequences in the form of a final result. The lowest final price is obtained using the gamma distribution, the highest is obtained by the beta distribution, beta pert, normal, and uniform.
INTRODUCTION
The life cycle cost analysis (LCCA) is an analytical tool for assessing the value of alternative investments. It covers the total cost of ownership, operation, and maintenance for a given building during a specific life span. The papers [6, 9, 10, 11, 12, 13] presents LCCA analyses that account for risk and apply fuzzy logic. The calculation requirements are defined in the ISO 15686-5 standard "Buildings and constructed assets -Service life planning -Part 5: Life-cycle costing" [7] . The standard recommends the LCCA calculations for several alternatives to the same construction activity. The analysis should be carried out in accordance with the 5.2 point of the ISO 15686-5 for the period in which the building will maintain the function planned, in accordance with the investor's requirements. If the planned operation time of the facility is longer than 100 years, the calculation should be carried out for a period of 100 years. The shorter the period for which calculations are made, the less accurate and representative the result are, e.g., the future repairs or the recycling of building materials at the end of the building's life cycle are omitted. These costs can be a very heavy financial burden. According to the authors, the LCCA calculations for the period of durability of building's structural elements seem to be advisable. The 8.3 section of the ISO 15686-5 obliges to perform calculations taking into account statistical methods such as the Monte Carlo analysis. The results of the calculations should be given with a probability of 10%, 50%, and 90%.
The statistical calculations are possible to perform when the probability density distributions of cost estimates prices are established. The probability density functions of prices in scientific papers are adopted in various ways. The discount rate has a normal distribution in all studies, while the distributions of other costs are different. The prices for the implementation and maintenance of pedestrian routes in [3] were determined by the triangular distribution, the prices of components, energy, and maintenance in [4] were determined by the normal and Uni distribution. In the LCCA [1] , loglogistic, lognormal, and Weibull distributions were adopted -distributions were selected using the χ 2 test according to [2] . In [5, 8] , the lognormal distributions were adopted to select the correct distribution using a one-way regression analysis. In [14] , to calculate the LCCA of a highway, the beta distribution of the probability density of price-forming factors was used. In the paper, 12 probability density distributions were adopted for calculations: triangular, normal, lognormal, beta pert, gamma, beta, exponential, Laplace, Cauchy, Gumbel, Rayleigh, and uniform.
With regard to cost estimates for investment construction activities, it was assumed to create 3 cost estimates based on minimum, mean, and maximum values of price-forming factors. For 3 values it is not possible to analyze the correctness of probability density distributions with the χ 2 test. The probabilistic approach provides more realistic information on the uncertainty of results and enables a more useful analysis of the potential benefits of design options. The probabilistic method described in this paper is based on the analysis of uncertainty and sensitivity using the Monte Carlo (MC) method. The aim of the paper is to determine what consequences cause the assumed to the calculations, the probability density distribution of the cost of building construction. The performed analysis of the results obtained may facilitate the selection of the probability density distribution in specific conditions by people, who conduct the LCCA analyzes.
CALCULATION METHOD
The proposed method of calculation consists of the following stages: 
CALCULATION OF VALUE OF CONSTRUCTION COST
The calculations were carried out in a deterministic and probabilistic approach.
DETERMINISTIC CALCULATIONS
The cost estimate was based on the superstructure project of a multi-family building. The construction project was divided into 30 processes. The Norma Pro software was used for the cost estimation. The differentiation of cost estimates consisted of the subsequent adoption of minimum, mean, and maximum cost estimate and material, equipment, and labor prices. Indirect costs were equal to 40, 66, and 80%, materials purchase costs were equal to 1, 6, and 13%, profit -5, 11, and 20%, respectively. The results of net calculations are presented in Table 1 . As a result of the calculations carried out, the deterministic net price of the superstructure was obtained: a minimum equal to 2 700 611.20 USD, a mean -3 461 933.28 USD, and a maximum -5 027 451.46 USD.
PROBABILISTIC CALCULATIONS
The data obtained (minimum, mean, and maximum prices) from the deterministic calculations were used for the probabilistic calculations in the Risky Project Professional software. The different distributions of probability density were given to the same data. The following distributions were used: triangular, normal, lognormal, beta pert, gamma, beta, exponential, Laplace, Cauchy, Gumbel, Rayleigh, and uniform. Table 2 presents the results of calculations: histograms and cumulative distributions for each of the distributions analyzed. The construction costs were then calculated for different probability density distributions with respect to the percent probability of the construction completion. For the calculations, probabilities from 5 to 95% with gradation at 5% were assumed. The calculation results are summarized in Table 3 . 
ANALYSIS OF THE CALCULATION RESULTS
The results of the probabilistic calculations, summarized in Table 3 , and the minimum, mean, and maximum prices from the deterministic cost estimates are presented in graphical form in Figure 1 . This means that none of the probability density functions is an invalid function. The decision to accept a specific function will result in a selection of the solution with a specific price range: extra low, very low, low, medium, high, and very high. Giving probabilistic values causes relaxation of the deterministic extreme values. In order to determine the statistical significance of differences between groups, the t-test was made assuming a 5% chance of making a mistake at evaluation (p = 0.05) and the number of freedom equal to 9. The number of degrees of freedom is the number of independent observation results minus the number of relations that combine these results with each other. In the case analyzed, the number of relations combining the results is 3 and they are the minimum, mean, and maximum prices from the deterministic cost estimates. The number of independent results equals 12 -the number of the probability density functions. The critical value of the t-test for the probability of 0.05 and 9 degrees of freedom is equal to 0.7027. If the absolute value of the t-test will have a value above 0.7027, it will mean that the hypothesis of equality of variables can not be accepted -the variables will be different. Table 5 presents the results of the significance test of the t-test. The calculations show that the probability density functions analyzed form 6 groups. No statistically significant differences in the following groups can be specified: The sequential chart of the raw data in Figure 2 illustrates the separation of 6 groups of the probability density functions (based on the t-test). 
